ABSTRACT. Science and science education are a focus of high-level government policy settings in many countries. Greater public interest in and knowledge of science is seen as being an important prerequisite for economic growth and social development in the Knowledge Age. In this article, I argue that current policy approaches are misguided and potentially harmful -for science, for education, and for future social development. Using specific examples from the New Zealand context, I argue that, because these policies are based on widely held but limited views of first, education, and second, science, they effectively colonise, rather than expand, the possibilities for our future. Drawing on ideas from educational thinkers of the past, such as John Dewey and Alfred North Whitehead, and ideas from contemporary futures thinkers, I put forward for consideration three very different scenarios for science education's future aims and ends.
Introduction
Science and science education are currently a strong focus of high-level government policy settings in many countries. In the New Zealand context, the purpose of this is to build New Zealand's capacity to be a "smart country where knowledge and innovation are at the heart of both economic growth and social development" (Gluckman, 2011, p. 1) . In the policy context, greater public interest in -and knowledge of -science are seen as being crucial for future economic growth and social development, as are better linkages between science and innovation.
A key element in building this "smart" future, Gluckman argues, is a "forwardlooking" (p. vi) science education system. Meanwhile, in the education policy context, there is a lot of talk about "future-oriented" education: reconfiguring our education system to better prepare people for life and work in the twenty-first century. All this raises some questions that are not receiving much attention, but are, it seems to me, critical for the future of science and of education. For example:
1. In what ways do science and innovation overlap? Should they overlap? 2. If a key purpose of science is to contribute to innovation, what implications does this have for science education? 3. If we think school science should change, what might these changes look like? 4. Would these changes be "educative" (in the Deweyan sense)? 5. Would the changes support the development of a more "future-focused" education system?
This article explores these questions. It argues that key aspects of the current policy approach, because they rest on limited views of first, education, and second, science, are misguided and potentially harmful. Using examples from the New Zealand context, this article argues that these policies are restricting, not expanding, our future development possibilities. The article has three sections. The first section outlines some key trends in recent science and science education policy, using the New Zealand context as an example. The second section sets out four very different reasons why these policies are not likely to produce a future-oriented science education system capable of turning out scientifically knowledgeable, innovation-ready citizens. The third section suggests three possible scenarios for science education's future aims and ends. The article's main focus is on high-level science -and science educationpolicy: in particular, the ideas that appear to have underpinned recent policy developments. Although there are references to school science education, this is not a practice-oriented article. My concern is to unpack the -often unexaminedideas underpinning how we think about science education's purpose/s, and to look at how these ideas might need to be different in the 21 st century. A key aim is to examine the role science could play in supporting the development of genuinely "educative" experiences in a 21 st century education system.
Contemporary Science and Science Education Policy -The Key Drivers
In New Zealand and many other countries, the last few years have seen increased government emphasis on science and innovation as key drivers of our economic and social future. In New Zealand, the government ministries involved in science policy have undergone several major re-structuring exercises. In 2011, the former Ministry of Research, Science and Technology was replaced by a new Ministry of Science and Innovation (MSI), set up to support a "broader government focus on boosting science and innovation's contribution to economic growth." 1 However, not long afterwards, in 2012, MSI was merged with the former Ministries of Economic Development, the Department of Labour, and the Department of Building and Housing to form a new "super-Ministry" known as the Ministry of Business, Innovation and Employment (MBIE). One of this new Ministry's purposes is to facilitate "closer connections between the scientists and innovators who can generate new ideas and solve problems, and the business people who can translate these ideas into income and jobs."
2 Thus, over a period of about twenty years, the "old" notion of government science as an end in itself was disestablished. 3 It was replaced by a new form of government science defined in terms of its links with innovation and, following from this, its capacity to generate business opportunities, employment and prosperity. Now, the government's role in relation to science is seen as being to "boost the number of knowledge-intensive, internationally-connected firms." 4 Another key development in New Zealand was the 2009 appointment of Sir Peter Gluckman as the inaugural Prime Minister's Chief Science Advisor. Science education was to be a key focus of this new role, and in 2011 Professor Gluckman, in a paper entitled Looking Ahead: Science Education in the 21st Century, wrote that "a forward-looking science education system is fundamental to our future success in an increasingly knowledge-based world" (Gluckman, 2011, p. vi) . His paper's purpose was to explore how our science education system could be strengthened to support New Zealand's development as a "smart," innovative, knowledge-oriented country, capable of addressing the serious questions we will face in the future, and how we can engage and enthuse more young New Zealanders in science. It makes the case for the importance, in a participatory democracy, of all citizens having an understanding of scientific issues, arguing that "science literacy" should be a key focus of science education. For Gluckman, building overall levels of science literacy will not only grow our future scientists, but it will also grow our citizenship capabilities and create the conditions for innovation. According to him, New Zealand must embrace science and technology and innovative thinking as a core strategy for its way ahead. [T] here is no doubt in my mind that a population better educated in science, whether or not they will actually use science in their career, is essential. (2011, p. 8) The arguments made in Gluckman's science education paper were influential in the next set of developments in science research and education policy. They can be seen in the thinking behind the ten new National Science Challenges launched in 2012-13 and in MBIE's A Nation of Curious Minds initiative. 5 These "Challenges" represent a major new approach to government science "investment." Eschewing 'investigator-driven" research, they have been set up to bring scientists from different disciplines together to focus on a selection of the many highly complex and intractable, but pressing issues New Zealand faces. In 2012-13, these Challenges had a budget allocation of about $135 million. Two key themes from Gluckman's report -growing future scientists and growing scientifically literate citizens -appear in several locations across the Challenges, and research proposals designed to address these issues have been invited. These are not, however, new issues. A great deal is already known, and the work commissioned via the National Science Challenges is likely to replicate this, rather than tell us anything new. Very briefly, according to the available research data, New Zealand is producing sufficient science graduates to meet our current needs, but, broadly speaking, most New Zealanders are not particularly welleducated in or well-disposed towards science. Student interest in science declines from mid-primary school level onwards, and many science-able students express little interest in pursuing careers in science.
6 These are long-standing and continuing trends, and many other countries have similar patterns.
From the point of view of the policy goals outlined in Gluckman's paper, there is a problem. However, it is not a new problem: it is a problem that is already wellresearched by science education scholars, particularly at the school level. While most universities now work hard to develop their graduate profile/s, teaching methods, and equal opportunity, the point of this work is to recruit a wider range of people into "business-as-usual" science. While this may be a good thing, it does not address the problem identified in Gluckman's report. The expanded, innovation-oriented science sector he envisages requires a new kind of graduate, and producing these would require a system re-focus.
My point here is that we are not thinking hard enough about what is needed, either from the point of view of science, or from the point of view of education. The result of this, as I argue later, is that much of our current practice is, to use Dewey's term, actually mis-educative.
In 2011-12, the New Zealand Ministry of Education picked up on the issues identified in Gluckman's report, commissioning three large science education research projects. These were carried out in 2012-13. One project investigated the possibilities for e-learning in science, a second explored the connections between school science and scientists, and the third focused on developing resources for teachers. 7 However, underpinning the design and the findings of these projects was the assumption that problems with school science are solvable with better teaching, and that this is best achieved by providing more resources for teachers, more exposure to "real science," and more opportunities for teachers to collaboratewith expert scientists and with other teachers. This, it is thought, will make school science more "engaging" for young people, and more of them will choose to continue their study of science beyond the compulsory stage.
However, this work does not challenge current thinking about school science. It provides support for teaching science much as it has always been, albeit with improved "connectivity" and higher "production values" (via digital resources and e-learning). Our past assumptions about science's nature and purpose remain unchanged, as do past assumptions about science's purpose in the school curriculum. While this plays out differently in the different sectors of education, the deeper issue is the same: we assimilate the new ideas into our existing frameworks. There is no system re-focus, and things stay more or less the same. I want to argue here that the policy-oriented work outlined above is based on "old" thinking that will not produce the "forward-looking science education system" or the cadre of innovators Gluckman are hoping for (Gluckman, 2011, p. vi) . From an educational point of view, it is unlikely to foster the kinds of intellectual and citizenship capabilities needed for full participation in the world of the future. But worse, because it actively reproduces the very ways of thinking that most need to change, it is likely to be harmful.
It seems to me that achieving a forward-looking science education system is a very long way off, as is the goal of a scientifically literate population. The gap between what school science education programmes offer and the needs or interests of young people is not new, but, because science capability is seen as crucial to economic progress, every few years we see a resurgence of claims for a "crisis" in science education (e.g. see Aubusson, 2013; Toscano, 2013) . Each new crisis results in reports and research being commissioned, new teaching approaches being recommended, and new curricula coming into effect. But, while there may be small changes (e.g. new terms are used), basically things continue much as they always have. As DeBoer (1991) shows, in his history of school science over a century or more, this is a well-established pattern. The strategies outlined above are just one more chapter in a long history of attempts to reform science education, and they are not very different from past attempts. However, I want to argue that things need to be different this time. Doing more of the same is no longer enough, given the context we are now in.
In the next section of this article, I put forward four broad reasons why things need to be different. Two have to do with science and two are education-centred.
Why "More of the Same" Is Not Enough
Reason 1: School science misrepresents science. Leaving aside the question of whether or not science, innovation and prosperity are linked, 8 it is clear that today's science is very different from that of a generation ago. How science is done, how it is reported, who is doing it, what attributes they need, and how it is connected with innovation have all changed. And, related to this, there has been a shift in how people think about, represent, and use knowledge. School science has not kept up with these shifts. If this trend continues, I think we will see an increase in the rate of decline in interest in science. The outdated view of science that is often presented in school science reproduces ways of thinking that are not helpful in today's science; 9 it turns away people with the qualities most needed in today's science professionals, 10 and it is not helpful to the development of a scientifically literate public. The "ideas generators," "problemsolvers" and science-positive citizens that Gluckman (and others) say we need may come from today's schools, but, if they do, this will be despite, rather than as a result of, their school science experiences. So: what has changed? "Post-Academic" science Scientific research has changed significantly over the last century or so. In the eighteenth and nineteenth centuries, scientific work was mostly done by individuals working on their own, pursuing their individual interests, usually in a non-professional capacity. In the twentieth century, this model was largely replaced by two parallel cultures: academic (university-based) scientists working alone or in small teams, largely following their own interests, and industrial scientists working in large teams on commercially driven projects. However, from the later twentieth century onwards, these two cultures came together into what Ziman (2000) calls "post-academic" science, largely as a result of changes to the funding of universities and other public science. Post-academic scientific work takes place in large teams, usually networked across several institutions and countries. The work involves a succession of projects that must be justified in advance in order to attract funding. The projects are usually large in scale, multi-disciplinary, and multimethod. They commonly deal with highly complex systems with many interconnecting effects. Some projects involve ethical issues, some will be of interest to local communities, some will be subject to business and political influence. The scientists working on the projects are expected to be able to communicate their findings to non-specialist audiences.
11 However, increasingly something more than communication is required: the ability not just to "explain" or "make accessible" their work to less knowledgeable others, but to acknowledge, negotiate, and work collaboratively with other experts -from different areas of science, from outside science, and from the interested public.
The influence of "post-academic" science (what science now is, how it is done, and, importantly, the skills and knowledge it takes to be successful in it) is, in most cases, not yet evident in school science. Neither is the related body of scholarly work known as the "social studies of science," and built up over the last thirty years or more, on how scientists actually do science (as opposed to what, in theory, they say they do).
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More recent work discusses a new, more radical shift to what some commentators call "postnormal times" (e.g. Ravetz, 2011; Sardar, 2010; Slaughter, 2012) . This term was first used in the 1990s to describe changes in science (e.g. Capra, 1996; Funtowicz & Ravetz, 1993) , in particular, the recognition that things can no longer be thought of as if they were certain, simple or stable. As Ziauddin Sardar puts it, uncertainty, complexity, chaos, and contradictions are the "new" normal. According to him:
We live in an in-between period where old orthodoxies are dying, new ones have yet to be born, and very few things seem to make sense. Ours is a transitional age, a time without the confidence that we can return to any past we have known and with no confidence in any path to a desirable attainable sustainable future. (Sardar, 2010, p. 435) In postnormality, everything is complex -that is, deeply entangled, interconnected, unpredictable, and open. Any problem has multiple dimensions: there can be no "right" or "wrong" answers, just different ways to understand the problem. "Reality" is incomprehensible via the traditional disciplines, which rely on reducing the system to a selection of discrete units, inevitably leaving out key aspects. According to Sardar (2010) , in postnormal times, "business as usual" modes of thinking and behaving are "now dangerously obsolete": they are "an invitation to impending catastrophe" (p. 441).
If we accept this, then many of modernity's key concepts no longer apply. This is of course deeply challenging to traditional science, but it also challenges many of education's core assumptions.
"Too big to know"?
Alongside -and related to -the changes in science, there has been a shift in how knowledge in general is understood, a shift now widely known as the "knowledge age." This term began to appear in the late twentieth century, first to signify an economic shift. In the new "fast capitalism," knowledge was seen to be replacing tangible goods as a key driver of new economic growth (e.g. Drucker, 1993; Gee Hull & Lankshear, 1996; Leadbeater, 2000a; 2000b; Neef, 1998; Peters, 2001; Stehr, 1994; Thurow, 1996) . Alongside this, internet-related developments saw new knowledge being generated in huge volumes at ever-increasing speeds, and continuously updated by multiple contributors. The result of this, some commentators argue, has been a change in knowledge's meaning, new understandings of what knowledge is and how it is used. Knowledge is now widely seen, not as "stuff," but as something that does stuff. Rather than being something we have, knowledge is something we do. According to Castells (2000) , it is like a form of energy, or, as Barlow wrote two decades ago, knowledge is a verb now, not a noun (Barlow, 1994) . It is no longer something that lives in the brains of experts, or in objects that contain it, like books or libraries. These are way too small. It lives -and is created and replaced -in the spaces between experts, books databases and so on. According to Weinberger (2011) , it is no longer tenable to think of knowledge as a stable body of facts or truths, a "thing in itself." It is not masterable and it does not necessarily reflect the world. Knowledge now exists in, and is a property of, networks: it is networked expertise. Weinberger says that this does not mean that the network is knowledge, that the network creates meaning, or that it is some kind of conscious super-brain. It is not. Rather, the network enables connected groups to take ideas further and faster than any individual could. However, the knowledge they create is located, not in individual heads, but in the collaborative space.
"Open" -Or post-post-academic science These developments have changed science. Science is taking on many of the properties of its new medium -the network. Like the network, science is now incomprehensibly huge. It is also more public, less hierarchical, less filtered, and more open to difference (Weinberger, 2011) . More people, many of whom are nonexperts, are contributing, via the "crowdsourcing" of data (Cook, 2011) and/or "citizen science" (Peters, 2016) . Data is "published" earlier: it is accessible and transparent to all, and is being discussed in interest groups while still in "unfinished" form. This new form of science, called Open Science by some commentators, and Science 2.0 by others, has new and different practices, and is producing new knowledge "ecologies" (Irwin, 2016) . These new "collaborateearly" forms of science, according to these commentators, are highly productive (Peters & Jandrić, 2015; Waldrop, 2008) , 13 and are now the main source of innovation in today's world (Peters, 2010; Peters & Roberts, 2011; Weinberger, 2011) . Doing this kind of science requires attributes that were not encouraged in the previous generation of scientists, and its development will be challenging for many in today's science workforce.
These developments are highly disruptive to most people's ideas about science, and their ideas about education. They also challenge many of the ideas behind current government science policy. Becoming a "smart" knowledge-and innovation-oriented country does not mean producing more "knowledgeable" people -more people who have been "filled up" with existing knowledge. It means having more people with a new and different orientation to knowledge, people who know enough to do things with knowledge, but who can also work productively with others: in other words, people who are innovation-capable. This brings us to the second of the four reasons I want to put forward for why school science needs to change if it is to be "forward-looking": the relationship between school science and innovation.
Reason 2: School science does not foster innovation
In the past, science and innovation were seen as clearly distinct activities. Science was the pure or applied "blue skies" kind of research that builds new, "public good" knowledge. Innovation, on the other hand, involved using that knowledge to create new technologies and processes. However, the advent of the new, more "open" forms of science outlined above has blurred this distinction, and it seems likely that science and innovation will become more connected than they were in the past. This raises questions that do not appear to have been considered in recent discussions of how best to build the "forward-looking science education system" envisaged in Gluckman's report. If science and innovation are now closely linked activities, what does that mean for the way science is portrayed to school students? What does it mean for the pedagogies that might be used? Should school science's role be expanded to include the fostering of students' innovation capabilities? Are innovation capabilities discipline-specific? Should students have a deep understanding of science before they are encouraged to use science to innovate? What connection should there be with the school technology curriculum? Is building students' innovation capabilities more appropriately located in the technology curriculum? And, importantly for the purposes of this article, if school science was reconfigured to build students' innovation capabilities alongside their knowledge of science, would this new approach be educative?
However we might want to answer these questions, the way our schools are currently configured is very definitely not designed to produce innovators. The table below paraphrases material in a recent book by Tony Wagner called Creating Innovators to compare the conditions needed for innovation with those found in most schools. Table 1 Conditions for innovation (after Wagner, 2012) Conditions encouraging innovation Conditions in most schools Opportunities for thoughtful risk-taking, trial and error, to explore, to push boundaries.
Risk avoidance, compliance, obedience to authority, producing fast, "right" answers.
Opportunities to create, to actively produce new things.
Passive consumption of existing knowledge. Emphasis on multi-disciplinary learning -STEAM = STEM + liberal arts together.
Specialisation -arts or sciences.
Intrinsic motivation -"passionate play with a purpose".
Extrinsic motivation -goal is to "achieve" = scoring well on tests. Difference and unconventionality are valued.
Standardisation -one size fits all, "production line" model of learning. Space to follow interests, and to develop deep knowledge in those areas.
Superficial knowledge, and as a result, limited "real" (conceptual) understanding. Opportunities to collaborate, to work with others with different knowledge/expertise to solve problems that all participants care about.
Emphasis on individual effort and "achievement", on individual learning of pre-set, already existing knowledge.
I think this table speaks for itself. All I will say here, to summarise so far, is that if we think it is important to engage more young people in science, to foster the dispositions required in the science professionals of today's world, and to foster the development of our future innovators, then doing more of what we do now, even if we were to do it much better, is very definitely not enough. I now turn to two more educationally-oriented reasons why current practice is not an adequate basis for building a "forward-looking" science education system.
Reason 3: School science is not "future-focused"
The last decade and a half has seen a proliferation of research and commentary on education's future. References to "future-focused" education, "21 st century learners," "digital natives," and so on are now routine, particularly in policy contexts. This literature, broadly speaking, argues that today's schools are not adequately preparing young people for the increasingly complex, uncertain, and fast-changing world of the future, and the need for change in education is now urgent (e.g. Beare, 2001; Christensen et al., 2008; Gilbert, 2005; Khan, 2012; Leadbeater, 2011; Miller et al., 2008; Miller & Bentley, 2003; Murgatroyd, 2011; Prensky, 2001; Robinson, 2011; Tuomi & Miller, 2011; Wagner, 2008; . This literature is eclectic: it draws on ideas from many sources, often outside education, for a range of very different purposes. Pulling together its common elements produces a two-part story. Part one describes the "paradigm shift" taking place in the world beyond education and lists some of the "mega-trends" driving it. This list usually includes the following. First is the "digital revolution" -the exponential growth in computing power and digital networks, and the implications of this for society, the economy and the nature and distribution of employment opportunities (see Kurzweil, 2005; Brynjolfsson & McAfee, 2011) . Second is globalisation -the dissolving of boundaries between nation-states and their economies. Third is the development of new, "networked" forms of knowledge that are now "too big to know" (Castells, 2000; Weinberger, 2011) . Fourth is the projected shift in world order that is likely to result from the demographic and economic changes now well under way in, for example, the BRICS group of countries 14 (Marginson et al., 2011) . The fifth mega-trend encompasses the developments linked to the Anthropocene -climate change and the many other "wicked problems" we face in the twenty-first century.
15 These five trends, it is argued, will produce the end of work as we currently know it. Most manufacturing work, as well as whole classes of professional work, including scientific work, will be replaced by intelligent technologies (e.g. Brynjolfsson & McAfee, 2011; Susskind & Susskind, 2015; Dunlop, 2016) . The breakdown of nation-state boundaries will limit the ability to levy taxes, which will in turn limit the capacity to provide public services, invest in infrastructure, and so on. Social inequalities will increase. And then there are the physical effects of climate change.
Taken together, these trends represent a strong challenge to the current order, and to "known" ways of doing things. However, the response, in most "first world" countries, has been to strive to maintain competitive advantage, to mitigate the risk of economic and/or political oblivion. This is where, in this story, education comes into the picture. In Part two of the future-focused education story, schools are portrayed as having failed to respond to these trends, as being inert, outdated, obsolete, and no longer "fit for purpose." Part of another age, they rely on, and are embedded in, "old knowledge," "old systems," and "old technologies." We need, the argument goes, to "revolutionise" education, rebuild it from the ground up, so it can better meet the needs of these "new times." However, while this story is now well-known and pervasive, it has not produced a revolution in educational thinking. Schools continue to be organised by the same knowledge, the same systems, and, to a large extent, the same technologies (in the widest sense of this term). In the policy rhetoric on education's future, two "big ideas" predominate. The first is better system performance -a future-focused system is one that produces higher rates of student achievement, and more students with tertiary qualifications. The second is digitisation -e-learning and better data management. However, these ideas are a finessing of "old" understandings of education, not a framework for preparing young people to live, think, and act in tomorrow's world.
A few educational theorists have grappled with the deeper implications for education of the new times (e.g. Facer, 2012; Gough, 1990; Milojevic, 2005; Morgan, 2013) . Some, most notably Richard Slaughter, Noel Gough, and William Doll, have been working in this area for twenty years or more. Some of their work deals with science education's future -in particular, its possible role in our longterm social development and the future of the planet. For example, Slaughter (2012) , in making a case for why science educators routinely do not engage in futures thinking, shows how science and technology are routinely depicted as the future: that is, the idea that the future will be "built" via advances in nanotechnology, biotechnology, IT and so on, and that science will "save" us from the problems we face. This is twentieth century thinking. As Slaughter points out, science and technology do not, by themselves, shape the future: it is shaped by prior human choices about the values used to create and guide developments in science and technology (Slaughter, 2012) . Similarly, science education's future will be shaped by human choices and values, by the ideas we collectively have now about the kind of future we want to create, and about the role science should play in that.
Reason 4: School science is not "educative"
Discussions of "future-focused" education have so far paid little attention to the question of education's aims and ends. What is education for in the twenty-first century? Are its purposes more or less the same as in past times, or is something new required? What does it mean to be an educated person in the twenty-first century?
These questions have of course been central to the work of some educational philosophers. For example, John Dewey, in Experience and Education (1938) , argues that "educative" experiences are those that open up possibilities for active growth, via further and deeper experiences. Experiences are important, but not as ends in themselves. Rather they are a context for, as he puts it, the progressive development of what is already experienced into a fuller and richer and also more organised form, a form that gradually approximates that in which the subject-matter is presented to the skilled, mature person. (pp. 73-4) For Dewey, education involves scaffolding the development of intellectual adulthood. It involves a slow and steady apprenticeship into adult-like ways of thinking and forms of knowledge. It involves learning to think for oneself, in increasingly abstract and complex ways. According to Dewey, an experience is "mis-educative" if it "has the effect of arresting or distorting the growth of further experience" (p. 25), that is, if it constrains or arrests a person's intellectual development. Making sense of one's experiences, in order to build on them, requires active intellectual engagement, active processing of ideas in the context of one's experiences.
Alfred North Whitehead, another early twentieth century philosopher, emphasises the role of ideas in intellectual development and what it means to be educated. In his 1929 book The Aims of Education and Other Essays, he characterises education's purpose as being to build "activity of thought" by working with ideas. He argues that above all things we must beware of what I will call "inert ideas" -that is to say, ideas that are merely received into the mind without being utilised, or tested, or thrown into fresh combinations. (p. 1) Being educated, for Whitehead, involves using, playing with, and appreciating ideas, and, importantly, the relationships ideas have with other ideas. Ideas are not inert, static entities to be passively acquired and stored away -they are complex, organic and malleable, always in process. According to Whitehead: What education has to impart is an intimate sense for the power of ideas, for the beauty of ideas, and for the structure of ideas … [Education should develop an] eye for the whole chessboard, for the bearing of one set of ideas on another. (p. 8) Education with inert ideas is not only useless, it is, above all things, harmful -Corruptio optimi, pessima. (p. 1) For Dewey and Whitehead then, education's purpose is intellectual development. It involves expanding people's capacity to actively work with -and improve -ideas, at ever-increasing levels of complexity and abstraction. If we accept this, then forms of science education that aim to fill students up with knowledge about science are mis-educative. They are not useful, they do not build intellectual capacity, and they are potentially harmful. This contention is not new in the science education literature. My point in this article is that this issue, and the need to face up to it in policy contexts, is becoming increasingly pressingfor the future of science, and for the future of education.
Following Dewey and Whitehead's views of education's purpose, the extent to which school science has ever been educative is debatable, but now, as science itself becomes increasingly networked, open, and conflated with innovation, school science is less and less "fit for purpose." Unless we want to see a rapid acceleration in science education's already well-established decline 16 we need to break out of the automated thinking 17 outlined earlier in this article. To do this, I think it is helpful (and hence the title of this article) to go back to some older ideas about education's purpose, with a view to "re-purposing" them for the new times we are now in. In particular, it seems to me, the concept of intellectual development could be re-purposed. Drawing on Dewey and Whitehead, intellectual development in the twenty-first century could mean expanding people's capacity to actively work with increasingly abstract ideas, but with the aim of preparing them, not to contribute new knowledge to the existing disciplines, but to work across the disciplines, to work in/with complexity, change, difference, and multiplicity. If we think it is important to resist the currently prevailing view of education as little more than "content delivery," if we think it is important to keep alive the debate around education's purpose, then perhaps we need a discussion of how we might do intellectual development differently in the twenty-first century.
Imagining Possible Future/s for Science Education
Can science education's aims and ends be re-imagined to address the issues outlined above?
In the final section of this article, I suggest three different possible pathways for science education's future, and look briefly at the implications of each for our collective future/s. These pathways are not intended as predictions and they obviously simplify some highly complex issues. Their purpose is just to serve as a starting point for the debate about science education's future aims and ends that, in my view, we urgently need to have.
Pathway 1: "More of the same"
Science education continues to see itself as having two main purposes: providing pre-professional training for the scientists of the future, who, it is assumed, will be working in ways familiar to twentieth century scientists, and producing citizens who are "literate" in science and well-disposed towards it. The focus of educators and policy-makers is on continuous improvement, seeking ever more efficient ways of achieving these purposes.
School science keeps its traditionally strong disciplinary boundaries (Bernstein, 1971 ) and continues to explore ways to make itself more "relevant" and/or "engaging" to students. New, more appealing "content" (e.g. socio-scientific issues) is added, and new pedagogies are developed. Discussion of the importance of scientific skills, "capabilities," or "competencies" continues, largely apart from the "content" debates, and the pedagogical connections between the "knowing," "doing" and "thinking" aspects of science remain under-theorised.
Debate about why so many students are not particularly positive about school science and/or a career in science continues, much as it always has. Science education research increasingly focuses on "teacher effects" -improving teachers' content knowledge, their pedagogical knowledge, and their pedagogical content knowledge, via new and improved pre-service teacher education and in-service professional learning programmes. School-scientist collaborations are a focus, and are allocated increasing funding support. Science education teacher professional learning is designed to "bridge gaps" in teachers' science knowledge, provide access to up-to-date technologies, and provide authentic science experiences for students. Investment in "e-learning," both as a tool for communication/ collaboration and a way of providing simulated and/or authentic science experiences, increases hugely, to the extent that it forms a major new niche industry. Because science continues to be seen as central to future economic prosperity, there is an increased investment in science education, but, despite this, its content, its purposes and its pedagogies continue to look very much as they always have.
Intellectual development continues to be, at least in theory, an aim of science education, but very much in the background, as it is now, something that can be expected to happen "naturally" as learners are exposed to traditional disciplinary knowledge.
Pathway 2: "Science as innovation"
The early twenty-first century policy focus on innovation's role in economic prosperity produces major changes in science education. Science and innovation (traditionally distinguished), are seen as strongly linked, and science/innovation is central to economic growth. Science is now valued, not as an end in itself, but for its "performativity," what can be done with it (Lyotard, 1984) . This shift was a response to perceived economic imperatives; however, it was also based on an acknowledgement of the major changes to science that took place in the later twentieth century (the "post-academic," "open" and "networked" forms of science described earlier in this article).
These changes, together with the policy emphasis on innovation, produce calls for change in school science. Initially, these involve an emphasis on collaborative work, "e-learning," and students participating in "authentic" science (e.g. bird counts, collecting weather or water quality data). But later, picking up on research on the conditions needed for innovation (e.g. Wagner, 2012) , science educators begin to advocate approaches designed to develop the "diversive" forms of curiosity found in very young children into the deeper, more disciplined, "epistemic" forms of curiosity that underpin mature intellectual development (Leslie, 2014) . Using Scardamalia & Bereiter's (2006) concept of "knowledgebuilding," there is a focus on working with ideas, building deep knowledge in specific areas, collaborating with others with different expertise, and using this knowledge in creative endeavours.
This pathway allows intellectual development to be re-purposed for new times. Resources are available to support this: for example, Scardamalia & Bereiter's "knowledge-building" work aims to develop Knowledge Age pedagogies: in essence, "knowledge-building" means working with -and "improving" -increasingly abstract ideas, in collaboration with others.
But, for this idea to be taken up productively (in policy and practice contexts), there would first need to be deep engagement with the new forms of science -the new practices, but also the epistemological implications of these new practices, and, following from this, the implications -and likely new purposes -for science education. For example: should science education's primary purpose be to turn out "work-ready" innovators, as this is currently defined: that is, people who have ideas (that draw on and use deep understanding of existing knowledge), and who can work with ideas, in collaboration with very different others? Should science education's purpose be to turn out people who are "innovation-literate," people who know about innovation, who have some "innovation skills," and who are welldisposed toward innovation? Would this still be science education? To what extent would this be "educative," in the sense meant by Dewey? If policymakers and practitioners do not engage with these questions, we are likely to see talk of collaboration, communication, networking, critical thinking, and so on, and possibly the development of some apparently new practices, but, in the end, probably nothing that is actually new. Without new thinking about science education's deeper purposes, these concepts, like so many others before them (e.g. enquiry, capabilities, nature of science, socio-scientific issues, and so on), will not revolutionise science education, but will simply became more "stuff to know" for students.
Pathway 3: "Postnormal" science education Widespread acceptance of the increasing likelihood of abrupt climate change 18 influences science education policy and practice. Discussion of new purposes for science education in the twenty-first century is informed by work on the qualities needed to survive and thrive in "postnormal" times: for example, Sardar (2010) and Cilliers (2005) focus on imagination, creativity and ethical thinking, while Csikszentmihalyi (1996) and Johnson (2014) emphasise resilience, persistence, the capacity to hold multiple perspectives simultaneously, and the ability to shift between openness and discipline. There is robust discussion of the implications of the deep links science (and science education) have with the "carboniferous capitalism" (Newell & Patterson, 2010) that is largely responsible for humaninduced climate change.
Out of all this, new forms of science education emerge that aim to build the intellectual capacities -individual and collective -needed in postnormal times. Informed by complexity thinking (e.g. Byrne & Callaghan, 2014; Cilliers, 1998; Miller & Page, 2007; Mason, 2008; Osberg & Biesta, 2010) , scientific knowledge is represented, not as discrete bits of knowledge to be mastered in sequence, but as a highly complex, always-changing system of inter-connected elements that are fundamentally unmasterable (Capra, 2002; Capra & Luisi, 2014 ). Education's aim is no longer to ensure the acquisition of already-existing bits of knowledge; rather, it is concerned with how that knowledge is engaged with and responded to, and with what emerges from that engagement. Instead of focusing on replicating and stabilising existing worlds, its aim is to foster the conditions from which new worlds can emerge (Biesta, 2006; Osberg, 2005; Osberg, Biesta and Cilliers, 2008) .
These three broad pathways have been deliberately overstated, with little overlap, as a kind of heuristic designed to provoke the discussion that, I think, we need to have if science education is to have a future. It is of course highly unlikely that we will follow any one of these pathways. Rather, what we are likely to see is a process in which elements from each are selected and "recontextualised" (Bernstein, 2000) to fit with broader external power relations.
Conclusion
My purpose in this article has been to question current policy on science education, to argue that current policy, because it draws on outdated views of science and education, is effectively arresting our collective future intellectual development, and, following from this, that it is mis-educative, and probably harmful.
What could science education that is both "future-focused" and "educative" look like? What should its purpose be in the twenty-first century? As a starting point for discussion, I suggest that it might have some of the following features:
 It would aim to build learners' understanding of science while at the same time building their capacity to do things with these understandings.  It would aim to foster the dispositions and skills needed in scientific work -e.g. critical thinking; the capacity for abstraction; the capacity to work with complexity, uncertainty and ambiguity; the capacity to hold multiple perspectives simultaneously; the ability to work with others to improve ideas; and facility in communication, argumentation and debate.  It would encourage experimentation and play, not in a contrived way, to "get the right answers," but to develop intellectual capacity.  It would encourage students to develop and follow their own interests, at increasing levels of complexity, where necessary, supported through external collaborations and resources.  It would encourage difference, risk-taking and unconventional thinking. Its aim would be not to reproduce existing thinking but to develop the conditions for new thinking.
Its primary goal would be intellectual expansion, developing the capacity for active independent and collaborative thought, in situations of increasing complexity and abstraction. These aims are of course not very different from those advocated by Dewey and Whitehead, almost a century ago.
Over the century and a half of science education's formal existence, many of its scholars have grappled with these questions, and some are continuing this work now. For example, in the New Zealand context, recent work has focused on specifying certain science "capabilities," many of which could -and were probably intended to -fit into the list above. 19 However, in practice, these capabilities have been added into, or "over-assimilated" to the existing framework, becoming yet another thing to be learned "about." 20 They have not produced the "system re-set" that I argue in this article is needed if we are to build a genuinely "forwardlooking" science education system. This is a familiar pattern in science education's history (DeBoer, 1991) , which should tell us something. In my view, it tells us that "the problem" that is the focus of this article does not lie with ideas that are espoused at the "surface" of these debates. Rather, it is located in a much deeper, more inaccessible place -inside each of us, and our largely taken-for-granted assumptions about science, about education (and its purposes), and, following from this, science education's purposes. The point of this article has been to argue that, as we move into increasingly complex, uncertain, "postnormal" times, our old, taken-for-granted ideas just are not up to it any more. However, the large unanswered question here is the one that has to do with how we might go about producing the required shift in thinking.
NOTES

